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Abstract: We construct an action for unstable M3-brane in M-theory. We argue that in
order to find M3-brane action that upon direct dimensional reduction leads to non-BPS
D3-brane action in type IIA theory we have to presume that the background possesses
Killing isometry and that this isometry has to be gauged on the world-volume of M3-
brane. Then we construct singular tachyon kink on world-volume of M3-brane and we
show that the dynamics of resulting topological defect is governed by an action that upon
direct dimensional reduction leads to D2-brane in type IIA theory and that is equivalent
to standard M2-brane action in flat background.
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1. Introduction
Study of unstable systems is an important direction in string theory research, for review
and extensive list of references, see [1, 2]. In the context of two superstring theories, type
IIA and type IIB, we have two unstable systems: The first one is system that consists
Dp-brane and anti-Dp-brane pair with p is odd(even) in type IIA(type IIB) theory. The
second one is a single unstable Dp-brane where now p is even(odd) in type IIA(type IIB)
theory.
These systems have rich and interesting dynamics. In particular, it is well known that
the tachyon condensation on these objects leads to an emergence either stable Dp-branes
or fundamental strings. Further, it is remarkable fact that many these phenomena can be
described in the language of tachyon effective action 1.
On the other hand it is well known that all stable D-branes, fundamental strings and
other extended objects in string theories arise through dimensional reductions from M2 and
M5-branes in M-theory 2. Then it is natural to ask the question whether it is possible to
formulate tachyon effective actions for M-theory unstable objects that could be interpreted
as pre-images of unstable D-branes in super string theories. An existence of such objects
was predicted in very interesting papers [55] and [61, 62]. We will not try to construct
1For some works considering effective action description of an unstable systems, see [3, 4, 5, 6, 7, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 51, 50, 49, 48, 47, 46, 45, 44, 43, 42,
41, 40, 39, 38, 37, 36, 35, 34, 33, 32, 31].
2For review and extensive list of earlier papers, see [52].
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actions for all unstable systems discussed in this paper. We rather restrict ourselves to
the case of an unstable M3-brane that can be directly related to M2-brane. In fact, it was
argued in [55] that the main property of this M3-brane is that the tachyon kink solution on
the world-volume of M3-brane should lead to an emergence of M2-brane. Then motivated
by success of the effective action description of the tachyon kink configuration [8, 9, 10] we
try to formulate M3-brane effective action that through the tachyon kink solution leads to
an action for stable M2-brane 3.
However we will see that there are some subtleties with construction of an action for
such an object. More concretely, we would like to find M3-brane effective action that has
two following properties: 1. The singular tachyon kink condensation leads to an emergence
of M2-brane action 2: The dimensional reduction of M3-brane action leads to an unstable
D3-brane action in type IIA theory. Unfortunately it turns out that we are not able to
obey these two conditions simultaneously. More precisely, in the next section we formulate
M3-brane effective action with the property that the singular tachyon kink condensation on
its world-volume leads to ordinary M2-brane action. On the other hand, when we perform
the dimensional reduction to type IIA theory background we derive the form of the action
that is different from the tachyon effective action for unstable D3-brane that is clearly
unsatisfactory property of given action.
Then in order to find M3-brane action that reduces to non-BPS D3-brane action in
type IIA theory we start our analysis in opposite direction. However it turns out that
the construction of given M3-brane action demands an existence of isometry of M-theory
supergravity background that has to be gauged on the world-volume of M3-brane action.
Then it is clear that singular tachyon condensation on the world-volume of such a M3-brane
leads to gauged version of M2-brane action. Then we study properties of this M2-brane
action and we find that the direct dimensional reduction leads to D2-brane action. Finally
we show that in flat background this action is equivalent to standard M2-brane action.
The organization of this paper is as follows. In next section (2) we introduce the first
form of M3-brane action and show that the singular tachyon kink leads to M2-brane action.
Then in section (3) we perform direct dimensional reduction in this action. In section (4) we
propose alternative form of M3-brane action that upon direct dimensional reduction leads
to an unstable D3-brane action. We discuss its double dimensional reduction in section
(5) and argue that it leads to unstable NS2-brane. Then in section (6) we also construct
tachyon kink solution on its world-volume and we argue that the dynamics of the kink is
governed by gauged M2-brane action. We study properties of this action in section (7).
Finally in conclusion (8) we outline our results and suggest their possible extension.
2. Naive Form of Unstable M3-brane Action
In this section we propose the first form of an unstable M3-brane action with the property
that the singular tachyon kink on its world-volume corresponds to a stable M2-brane action
3We are also motivated by recent progress in the study of effective action for N M2-branes [53, 54] since
we would like to see whether it is possible to find system of unstable N M3-branes that through the kink
tachyon condensation leads to the effective action for N M2-branes.
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in general background. In fact, with analogy with unstable D3-brane in type IIA theory
we propose the action for this unstable M3-brane in the form 4
S = −
∫
d4ξV (T )
√
− detA+
∫
V (T )dT ∧ C , (2.1)
where
Aµν = gˆMN∂µXˆ
M∂νXˆ
N + ∂µT∂νT ,
(2.2)
and where ξµ , µ, ν = 0, . . . , 3 label world-volume coordinates of M3-brane. Further, V (T )
is the tachyon potential that is even function of T with the property that V (T = ±∞) = 0
and V (T = 0) = τM3, where τM3 is M3-brane tension.
Let us now consider tachyon kink solution on the world-volume of the action (2.1).
To do this we closely follow similar analysis performed in case of unstable Dp-branes in
general background [8, 9, 10]. We start with the ansatz for world-volume modes
T = f(a(ξ3 − t(ξα))),
XˆM = xˆM (ξα) ,
(2.3)
where ξα, α, β = 0, 1, 2 are coordinates tangential to the world-volume of the kink. The
function f introduced in (2.3) satisfies
f(−u) = −f(u) , f ′(u) > 0 ∀u , f(∞) =∞ (2.4)
but is otherwise an arbitrary function of the argument u. a is a constant that we shall take
to ∞ in the end. In this limit we have T =∞ for ξ3 > 0 and T = −∞ for ξ3 < 0.
The first goal of our analysis is to shown that the action (2.1) evaluated on the ansatz
(2.3) leads to the standard M2-brane action in general background
S = SM2 + SWZ ,
SM2 = −TM2
∫
d3ξ
√
− det a ,
SWZ = − 1
3!
TM2
∫
d3ξǫαβγCˆαβγ ,
aαβ = ∂αxˆ
M∂β xˆ
N gˆMN , Cˆαβγ = CˆMNK∂αxˆ
M∂βxˆ
N∂γxˆ
K
(2.5)
that implies following equations of motion for xˆM
− 1
2
δgˆMN
δxˆK
∂αxˆ
M∂βxˆ
N
(
a−1
)βα√− det a+
+∂α
[
gˆKM∂βxˆ
M
(
a−1
)βα
S
√
− deta
]
+ J˜K = 0 ,
(2.6)
4We use following [56] conventions for hats. Hats on target space fields indicate they are 11-dimensional.
Absence of hats indicates they are 10-dimensional. Further, capital M,N, . . . label 11-dimensional indices,
m,n label 10-dimensional indices.
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where J˜K =
δ
δxˆK
SWZ and where for letter purposes we introduced the symmetric and
antisymmetric form of the matrix
(
a−1
)
(
a−1
)αβ
S
=
1
2
((
a−1
)αβ
+
(
a−1
)βα)
,
(
a−1
)αβ
A
=
1
2
((
a−1
)αβ − (a−1)βα) . (2.7)
As the first step we insert the ansatz (2.3) to the matrix A and we obtain
Aαβ = ∂αxˆ
M∂β xˆ
N gˆMN + a
2f ′2∂αt∂βt ,
Aα3 = −a2f ′2∂αt , A3β = −a2f ′2∂βt , A33 = a2f ′2
(2.8)
and consequently
detA = a2f ′2 det aαβ (2.9)
and (
A−1
)33
=
1
a2f ′2
+ ∂αt
(
a−1
)αβ
∂βt ,
(
A−1
)α3
=
(
a−1
)αγ
∂γt ,(
A−1
)3β
= ∂γt
(
a−1
)γβ
,
(
A−1
)αβ
=
(
a−1
)αβ
.
(2.10)
Then with the help of (2.9) we obtain that the action (2.1) evaluated on the ansatz (2.3)
reduces into action (2.5) in the limit a→∞
SM3 = −
∫
dξ3d3ξaf ′V
√
− deta+ 1
3!
∫
dξ3af ′V d3ξǫαβγCˆαβγ =
= −TM2
∫
d3ξ
√
− deta+ TM2
∫
Cˆ ,
(2.11)
where we make standard presumption that
TM2 =
∫
dxaf ′(ax)V (f(ax)) =
∫
duV (u) . (2.12)
As the next step we show that the equations of motion for T and Xˆ are obeyed for the
ansatz (2.3) on condition that the modes xˆM obey the equations of motion (2.6). In fact,
it is easy to determine from (2.1) the equation of motion for T
− V ′(T )
√
− detA+ ∂µ
[
V (T )∂νT
(
A−1
)νµ
S
√
− detA
]
+ JT = 0 , (2.13)
where JT =
δ
δT SWZ is the source current derived from varying the Wess-Zumino term.
Now using Aµν
(
A−1
)νρ
= δρµ we obtain
A33
(
A−1
)3µ
+A3α
(
A−1
)αµ
= δµ3 ⇒(
A−1
)3µ
S
− ∂αt
(
A−1
)αµ
S
=
1
a2f ′2
δ
µ
3
(2.14)
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and consequently
− V ′(T )
√
− detA+ ∂µ
[
V (T )∂νT
(
A−1
)νµ
S
√
− detA
]
=
= −V ′(T )af ′
√
− deta+ ∂µ
[
V (T )a2f ′2(
(
A−1
)3µ
S
− ∂αt
(
A−1
)αµ
S
)
√
− deta
]
= 0
(2.15)
for any t. In fact, it can be also easily shown that the tachyon current JT is zero. In other
words the tachyon equation of motion is obeyed for any t.
Let us now turn to the equations of motion for the scalar modes XˆM that arise from
the action (2.1)
− 1
2
V
δgˆMN
δXˆK
∂µXˆ
M∂νXˆ
N
(
A−1
)νµ√− detA+
+ ∂µ
[
V gˆKM∂νXˆ
M
(
A−1
)νµ
S
√
− detA
]
+ JK = 0 ,
(2.16)
where JK =
δSWZ
δXˆK
. Inserting the ansatz (2.3) to the equations above we obtain
− 1
2
V af ′
δgˆMN
δxˆK
∂αxˆ
M∂βxˆ
N
(
a−1
)αβ √− det a+
+ V af ′∂α
[
gˆKM∂βxˆ
M
(
a−1
)βα
S
√
− deta
]
+ JK =
= af ′V [e.o.m.(6.3)] = 0
(2.17)
using the fact that
∂α[aV f
′] = −∂3[aV f ′]∂αt
(2.18)
and also
JK = −V (T )ǫµ1...µ4∂µ1T
δCˆµ2...µ4
δxˆK
= −V (f)af ′ǫαβγ δCˆαβγ
δxˆK
= af ′V J˜K .
(2.19)
Let us outline our result. We derived that the dynamics of the tachyon kink is governed
by the equations of motion (2.6). In other words we shown that the tachyon kink on the
world-volume of M3-brane corresponds to stable M2-brane. This is very nice result and
in some sense supports the proposal that (2.1) correctly describes unstable M3-brane. On
the other hand as we show below dimensional reduction of this M3-brane does not lead to
the correct form of an unstable D3-brane action.
3. Dimensional Reduction
In this section we test the properties of M3-brane action (2.1) further when we study the
direct dimensional reduction of given action. To do this we will presume that D = 11
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background has a U(1) isometry with Killing vector field kˆM , such that Lie derivative of
all target space fields with respect to kˆ vanish:
LkˆgˆMN = LkˆCˆMNK = 0 . (3.1)
In adapted coordinates xˆM = (xm, z) for which kˆ = ∂∂z , kˆ
M = δMz we can write the D=11
bosonic fields as
gˆmn = e
−
2
3
φgmn + e
4
3
φC(1)m C
(1)
n ,
gˆmz = −e
4
3
φC(1)m , gˆzz = e
4
3
φ ,
Cˆ
(3)
mnk = C
(3)
mnk , (ikˆCˆ)mn = Bmn ,
(3.2)
where we have NS⊗NS fields (φ, gmn, Bmn) and R⊗R fields (C(1)m , C(3)mnk). For this ansatz
we obtain
Aµν = e
−
2
3
φgmn∂µX
m∂νX
n + ∂µT∂νT +
+ e
4
3
φ(∂µX
mC(1)m − ∂µZ)(∂νXnC(1)n − ∂νZ) =
= e−
2
3
φ[gmn∂µX
m∂νX
n + e
2
3
φ∂µT∂νT + e
2φYµYν ] =
= e−
2
3
φGµρ[δρν + e2φ
(G−1)ρσ YσYν ] ,
(3.3)
where we defined
Gµν = gmn∂µXm∂νXn + e
2
3
φ∂µT∂νT , Yµ = ∂µX
mC(1)m − ∂µZ . (3.4)
As the next step we use the fact that
det(Gµν + e2φYµYν) = detG(1 + e2φ
(G−1)µν YµYν)
(3.5)
and introduce an auxiliary variable v so that
−
∫
d4ξV
√
− detA = 1
2
∫
d4ξ(
1
v
V 2 detA− v) =
=
1
2
∫
d4ξ(
e−2φ
v
V 2 detG + V
2
v
detGY (G−1)Y − v) .
(3.6)
Further we interpret Y as one form on the world-volume of M3-brane so that dZ = C(1)−Y .
Then using the fact that d2Z = 0 we obtain
d(C(1) − Y ) = 0 .
(3.7)
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We can consider Y as an independent field when we add to the action an expression
−
∫
d4ξF ∧ V (T )dT ∧ (C(1) − Y ) , (3.8)
where F = dA and where A is one-form on the world-volume of M3-brane. Then it is easy
to see that the variation of (3.8) with respect to A implies (3.7)
δ
δA
[−
∫
d4ξF ∧ dT ∧ (C(1) − Y )] = −
∫
d4ξδAdT ∧ d(C(1) − Y ) = 0
(3.9)
using the fact that d(V (T )dT ) = V ′dT ∧ dT = 0. As the next step we use (3.2) together
with the definition of Y given in (3.4) to write WZ term as
SWZ = − 1
3!
∫
d4ξV (T )ǫµ1...µ4∂µ1T Cˆµ2...µ4 =
= − 1
3!
∫
d4ξV (T )ǫµ1...µ4∂µ1T [C
(3)
mnk∂µ2X
m∂µ3X
n∂µ4X
k +
+ 3Bmn∂µ2X
m∂µ3X
nC(1)µ4 ] +
+
1
2
∫
d4ξǫµ1...µ4V (T )∂µ1TBmn∂µ2X
m∂µ3X
nYµ4 .
(3.10)
Finally we integrate out Y from the action and we obtain
Yν = − v
detGGνµǫ
µµ1µ2µ3(Fµ1µ2 +Bµ1µ2)∂µ3T
(3.11)
that we insert back to the action and we obtain
S =
1
2
∫
d4ξ
[
e−2φV 2
v
detG − v
detG (ǫ
µµ2µ3µ4(B + F )µ2µ3∂µ4T )Gµν(ǫνν2ν3ν4(B + F )ν2ν3∂ν4T )
]
−
− 1
3!
∫
d4ξǫµ1...µ4V ∂µ1TC
(3)
µ2...µ4 −
1
2
∫
d4ξǫµ1...µ4V ∂µ1T (F +B)µ2µ3C
(1)
µ4 .
(3.12)
We can derive an alternative form of the action if we integrate v from (3.12) and hence
S = −
∫
d4ξe−ΦV
√
−ǫµµ2µ3µ4(B + F )µ2µ3∂µ4TGµνǫνν2ν3ν4(B + F )ν2ν3∂ν4T −
− 1
3!
∫
d4ξǫµ1...µ4V ∂µ1TC
(3)
µ2...µ4 −
1
2
∫
d4ξǫµ1...µ4V ∂µ1T (F +B)µ2µ3C
(1)
µ4 .
(3.13)
We see that the resulting action is different from the standard unstable D3-brane action
and hence it seems to us that the naive form of the action (2.1) is not the correct one that
should correspond to M3-brane action. For that reason we suggest an alternative M3-brane
action with the main property that its dimensional reduction leads to effective action for
an unstable D3-brane.
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4. Proposal for Non-BPS M3-brane
In order to construct M3-brane action whose direct dimensional reduction leads to D3-brane
action in type IIA theory we proceed in a similar way as in the case of the construction of
the massive M-theory KK-monopole action [56]. Following this paper we consider the tar-
get space background corresponding to 11-dimensional supergravity with the field content
(gˆMN , CˆMNK) and that has an isometry generated by a Killing vector kˆ
M (X) such that
the Lie derivative of all target space fields with respect to kˆM vanish
LkˆCˆ = Lkˆgˆ = 0 . (4.1)
Then, with analogy with [56] we propose DBI and WZ parts of M3-brane effective action
in the form
SDBI = −
∫
d4ξV (T )|kˆ| 12
√
− detA (4.2)
and
SWZ = −
∫
d4ξV (T )ǫµ1...µ4∂µ1T Kˆµ2µ3µ4 ,
(4.3)
where
Aµν = gˆMNDˆµXˆ
M DˆνXˆ
N +
1
|kˆ| Fˆµν +
1
|kˆ|∂µT∂νT ,
kˆ2 = kˆM kˆN gˆMN , kˆ
2 = |kˆ|2 ,
Fˆµν = ∂µbˆν − ∂ν bˆµ + ∂µXˆM∂νXˆN (ikˆCˆ)MN ,
DˆµX
M = ∂µXˆ
M − AˆµkˆM , Aˆµ = 1|kˆ|2 ∂µXˆ
M kˆM ,
Kˆµ2µ3µ4 = ∂µ2 ωˆ(2)µ3µ4 − ∂µ3 ωˆ(2)µ2µ4 + ∂µ4 ωˆ(2)µ2µ3 +
+
1
3!
CˆKMNDˆµ2Xˆ
KDˆµ3Xˆ
MDˆµ4Xˆ
N +
1
2!
Aˆµ2(∂µ3 bˆµ4 − ∂µ4 bˆµ3) ,
(4.4)
and where, following [56] we introduced non-propagating world-volume 2-form ωˆ that de-
scribes tension of M3-brane.
Let us now discuss the gauge symmetries of the actions (4.2) and (4.3). It is easy to
see that they are invariant under local isometry transformation labeled by σˆ(0)
δXˆM = −σˆ(0)kˆM , δgˆMN = −σˆ(0)∂K gˆMN kˆK ,
δkˆM = −σˆ(0)∂K kˆM kˆK , δ|kˆ|2 = 0 ,
δkˆM = σˆ
(0)∂M kˆ
K kˆK , δAˆµ = −∂µσˆ(0) ,
δωˆµν = −1
2
[∂µσˆ
(0)bˆν − ∂ν σˆ(0)bˆµ] ,
δCˆKLM = −σˆ(0)kˆN∂N CˆKLM .
(4.5)
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Further, the action is invariant under local gauge transformation labeled by ρˆ(0)
δbˆµ = ∂µρˆ
(0) , δXˆM = 0 , δT = 0 , δFˆµν = 0 .
(4.6)
Finally the WZ action is also invariant under the gauge transformation of two form ωˆµν
δωˆµν = ∂µρˆ
(2)
ν − ∂ν ρˆ(2)µ .
(4.7)
Now we show that for the background (3.2) the actions (4.2),(4.3) describe non-BPS D3-
brane action in type IIA theory. In fact, when we use (3.2) in (4.4) we obtain
Aˆµ = −C(1)m ∂µXm + ∂µZ , DˆµXm = ∂µXm, DˆµZ = |kˆ| = e
2
3
φ ,
Aµν = e
−
2
3
φ[gmn∂µX
m∂νX
n + Fµν +Bmn∂µX
m∂νX
n + ∂µT∂νT ] .
(4.8)
Then if we insert this result into the action (4.2) we obtain
S = −
∫
d4ξe−φV (T )
√
− det(gmn∂µXm∂νXn + Fµν +Bmn∂µXm∂νXn + ∂µT∂νT ) (4.9)
that is clearly the correct form of the D3-brane effective action.
As the next step we perform dimensional reduction in case of WZ term (4.3). In fact,
using (4.8) we find
SWZ =
∫
d4ξV (T )ǫµ1...µ4∂µ1T [
1
3!
C
(3)
mnk∂µ2X
m∂µ3X
n∂µ4X
k −
− 1
2!
(∂µ2bµ3 − ∂µ3bµ2 +Bmn∂µ2Xm∂µ3Xn)C(1)k ∂µ4Xk +
+ (−∂µ2ωµ3µ4 +
1
2
∂µ2Z(∂µ3bµ4 − ∂µ4bµ3))]
(4.10)
that is again correct form of the Wess-Zumino term for non-BPS D3-brane that now con-
tains additional contribution from non-propagating two form cˆ
(2)
µν = −ωˆ(2)µν + Z 12(∂µBν −
∂νBµ).
In summary, we found the form of unstable M3-brane action that in natural way-upon
direct dimensional reduction-leads to correct form of non-BPS D3-brane action. However
it will be interesting to study this unstable M3-brane action further. In the next section
we implement double dimensional reduction of given action and try to identify resulting
object.
5. Double Dimensional Reduction
In this section we briefly discuss the double dimensional reduction of an unstable M3-brane,
following [56]. For simplicity we restrict ourselves to the analysis of DBI part of the action
only however its extension to WZ term is straightforward.
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In order to perform the double dimensional reduction we have to introduce an extra
isometry for the background that is generated by a Killing vector hˆ and then wrap one
direction of the M3-brane, ξ3 around this new compact direction
∂ξXˆ
M = hˆM . (5.1)
Generally we have two different isometries: one is given by hˆ that is a direction tangent to a
world-volume and the other one is given by kˆ in direction transverse to the world-volume.
Then the action (4.2) will be invariant under both isometries when Lhˆkˆ = 0. In other
words we can find a coordinate system adapted coordinates in both isometries:
hˆM = δMy , kˆM = δMz . (5.2)
In this double dimensional reduction the Killing vector kˆ becomes after reduction the
Killing vector associated to the isometry of the space transverse to the world-volume of an
unstable M3-brane
kˆy = 0 , kˆm = km . (5.3)
We also use the following reduction rules for the background fields
gˆmn = e
−
2
3
φgmn + e
4
3
φC(1)m C
(1)
n ,
gˆmy = −e
4
3C(1)m , gˆyy = e
4
3
φ ,
Cˆkmn = C
(3)
kmn , Cˆmny = Bmn ,
(ikˆCˆ)my = k
nCˆmyn = −Cˆmnykn = −Bmnkn = −(ikB)m .
(5.4)
For simplicity we restrict ourselves to the background with zero C
(1)
m . Then we obtain
kˆ2 = e−
2
3
φk2 , k2 = gmnk
mkn
(5.5)
so that
Aˆα =
1
k2
∂αX
mgmnk
n ≡ Aα , Aˆ3 = 0 . (5.6)
Further, we have
bˆα = bα , bˆ3 = ω
(0) ,
DˆαXˆ
m = ∂αX
m −Aαkm ≡ DαXm , Dˆ3Xˆm = 0 ,
Fˆαβ ≡ Fαβ = ∂αbβ − ∂βbα + ∂αXm∂βXnC(3)mnpkp
Fˆα3 = −Fˆ3α = ∂αω(0) − ∂αXmBmnkn ≡ K(1)α ,
DˆαY = 0 , Dˆ3Y = 1 .
(5.7)
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Then we have
Aαβ = e
−
2
3
φ(DαX
mDβX
ngmn +
eφ
|k|Fαβ +
eφ
|k|∂αT∂βT ) ,
A33 = e
4
3
φ , Aα3 = −A3α = e
1
3
φ
|k| K
(1)
α
(5.8)
and hence
detAµν = det(Aαβ −Aα3
(
A−1
)33
A3β)A33 =
= e−
2
3
φ det(DαX
mDβX
mgmn +
eφ
|k|Fαβ +
eφ
|k|∂αT∂βT +K
(1)
α K(1)β )
(5.9)
so that DBI part of the action takes the form
S = −
∫
d3ξV ′(T )e−
1
2
φ|k|1/2
√
− det(DαXmDβXmgmn + e
φ
|k|Fαβ +
eφ
|k|∂αT∂βT +K
(1)
α K(1)β ) ,
(5.10)
where
V ′(T ) =
∫
dξ3V (T ) . (5.11)
It is natural to interpret the double dimensional reduction of an unstable M3-brane as an
unstable three-dimensional object in type IIA theory whose existence can be deduced as
follows. type IIB theory contains non-BPS D2-brane with tension τD2 =
√
2 1gsl3s
. Under
S-duality rules given as
g′s =
1
gs
, l′s = g
1/2
s ls (5.12)
D2-brane tension transforms as
τD2 →
√
2
l′3s g
′1/2
s
= τNS2 , (5.13)
where the resulting object can be interpreted as unstable NS2-brane.
Let us now perform T-duality between type IIA and type IIB theories with T-duality
rules for g′s, l
′
s, R
′
g˜s =
g′sl
′
s
R′
, l˜s = l
′
s , R˜ =
l′2s
R′
, (5.14)
where symbols with tilde correspond to type IIA theory while symbols with bar correspond
to type IIB theory. Further we presume that T-duality circle is transverse to the world-
volume of type IIA NS2-brane so that its tension transforms as
τNS2 → 1
l˜3s g˜
1/2
s
R˜1/2
l˜
1/2
s
. (5.15)
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However this agrees with the tension evaluated from the action (5.10) on condition that
T-duality circle with radius R˜ coincides with the isometry direction that is transverse to
3-brane in type IIA theory since then |k|1/2 = R˜1/2
l
1/2
s
.
In summary, the double dimensional reduction of the action (4.2) leads to the three
dimensional object that also naturally arises as a consequence of chains of dualities in type
IIA and type IIB theories. We mean that this fact again supports our proposed form of
M3-brane action (4.2).
6. Tachyon Kink on M3-Brane
We found in the previous section an action for unstable M3-brane action that reduces to
non-BPS D3-brane action when we perform direct dimensional reduction. This is very
attractive property of given action. However we would like also study the tachyon conden-
sation on given M3-brane and identify the resulting object.
To do this we closely follow analysis presented in section (2) so that we can be brief.
We start with the ansatz
T = f(a(ξ3 − t(ξα))),
XˆM = xˆM (ξα) , bˆα = bˆα(ξ
α) , bˆ3 = 0 ,
(6.1)
where ξα, α, β = 0, 1, 2 are coordinates tangential to the world-volume of the kink. The
function f introduced in (6.1) has the same properties as in (2.4).
The first goal of our analysis is to show that the actions (4.2) and (4.3) evaluated on
the ansatz (6.1) leads to the following action
S = SM2gDBI + S
M2g
WZ ,
SM2g = −TM2
∫
d3ξ
√
− deta , SWZg = −TM2
∫
d3ξǫαβγKˆαβγ ,
aαβ = Dˆαxˆ
MDˆβ xˆ
N gˆMN +
1
|kˆ|
fˆαβ ,
fˆαβ = ∂αbˆβ − ∂β bˆα + ∂αxˆM∂βxˆN (ikˆCˆ)MN ,
Kˆαβγ = ∂αωˆ(2)βγ − ∂βωˆ(2)αγ + ∂γωˆ(2)αβ +
+
1
3!
Cˆ
(3)
KMNDˆαxˆ
KDˆβxˆ
MDˆγ xˆ
N +
1
2!
aˆα(∂β bˆγ − ∂γ bˆβ) .
(6.2)
We will study properties of this action in the next section. Now we determine from (6.2)
the equations of motion for xˆM
− 1
2
(
δgˆMN
δxˆK
∂µxˆ
M∂ν xˆ
N − δ|kˆ|
δxˆK
1
|kˆ|2 fˆαβ+
+
1
|kˆ|∂αxˆ
M∂βxˆ
N δ(ikˆCˆ)MN
δxˆK
)(
a−1
)βα√− deta+
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+ ∂α
[
gˆKM∂β xˆ
M
(
a−1
)βα
S
√
− deta
]
+
+ ∂α
[
1
|kˆ| (ikˆCˆ)KM∂βxˆ
M
(
a−1
)βα
S
√
− det a
]
+ J˜K = 0 ,
(6.3)
where J˜K =
δ
δxˆK
S
M2g
WZ . Further, the equations of motion for bˆα take the form
∂α[
(
a−1
)βα
A
√
− deta] + Jα = 0 , J˜α = δ
δbˆα
S
M2g
WZ = ∂β [ǫ
αγβ aˆγ ] .
(6.4)
As the first step we insert the ansatz (6.1) to the matrix A and we get
Aαβ = Dˆαxˆ
MDˆβ xˆ
N gˆMN +
1
|kˆ| fˆαβ +
1
|kˆ|a
2f ′2∂αt∂βt ,
Aα3 = − 1|kˆ|a
2f ′2∂αt ,A3β = − 1|kˆ|a
2f ′2∂βt ,A33 =
1
|kˆ|a
2f ′2
(6.5)
Then it is easy to see that
detAµν =
a2f ′2
|kˆ| detaαβ (6.6)
and also
(
A−1
)33
=
|kˆ|
a2f ′2
+ ∂αt
(
a−1
)αβ
∂βt ,
(
A−1
)α3
=
(
a−1
)αγ
∂γt ,(
A−1
)3β
= ∂γt
(
a−1
)γβ
,
(
A−1
)αβ
=
(
a−1
)αβ
.
(6.7)
Then if we insert (6.6) into (4.2) and take the limit a→∞ we obtain
SM3 = −τM3
∫
dξ3d3ξaf ′V
√
− det a = −TM2
∫
d3ξ
√
− det a , (6.8)
where
TM2 = τM3
∫
dxaf ′(ax)V (f(ax)) = τM3
∫
duV (u) . (6.9)
In the same way we can show that when we insert the ansatz (6.1) into (4.3) and take the
limit a→∞ we derive the WZ part of the action given in (6.2).
As the next step we show that the equations of motion for T and Xˆ are obeyed for the
ansatz (6.1) on condition that the modes xˆM obey the equations of motion (6.3). In fact,
it is easy to determine from (4.2) the equation of motion for T
− |kˆ| 12V ′(T )
√
− detA+ 1
2
∂µ
[
|kˆ| 12V (T ) 1|kˆ|∂νT
(
A−1
)νµ
S
√
− detA
]
+ JT = 0 , (6.10)
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where JT =
δ
δT SWZ is the source current derived from varying the WZ term (4.3). Then,
following the same analysis as in section (2) it can be easily shown that the tachyon equation
of motion are satisfied for any t.
Let us now turn to the equations of motion for the scalar modes XˆM that follow from
the variation of (4.2) and (4.3)
− δ|kˆ|
1
2
δXˆK
V
√
− detA− |kˆ|
1
2
2
V
(
δgˆMN
δXˆK
∂µXˆ
M∂νXˆ
N − δ|kˆ|
δXˆM
1
|kˆ|2 (Fαβ + ∂αT∂βT )+
+
1
|kˆ|∂µXˆ
M∂νXˆ
N δ(ikˆCˆ)MN
δXˆK
)(
A−1
)νµ√− detA+
+ ∂µ
[
|kˆ| 12V gˆKM∂νXˆM
(
A−1
)νµ
S
√
− detA
]
+
+ ∂µ
[
|kˆ| 12V 1|kˆ|(ikˆCˆ)KM∂νXˆ
M
(
A−1
)νµ
A
√
− detA
]
+ JK = 0 ,
(6.11)
where JK =
δSWZ
δXˆK
. Inserting the ansatz (6.1) to the equation (6.11) we obtain
− V af ′ 1
2
(
δgˆMN
δxˆK
∂αxˆ
M∂β xˆ
N − δ|kˆ|
δxˆM
1
|kˆ|2Fαβ+
+
1
|kˆ|∂αxˆ
M∂βxˆ
N δ(ikˆCˆ)MN
δxˆK
)(
a−1
)βα√− det a+
+ V af ′∂α
[
gˆKM∂βxˆ
M (
(
a−1
)βα
S
√
− deta
]
+
+ aV ′∂α
[
1
|kˆ|(ikˆCˆ)KM∂ν xˆ
M
(
a−1
)βα
A
√
− deta
]
+ JK =
= af ′V [eq. of m.(6.3)] = 0
(6.12)
using the fact that
JK = −V (T )ǫµ1...µ4∂µ1T
δKˆµ2...µ4
δxˆK
= −V (f)af ′ǫαβγ δKˆαβγ
δxˆK
= af ′V J˜K .
(6.13)
In other words the dynamics of the tachyon kink is governed by the equations of motion
(6.3).
As the final step we determine from (4.2) and (4.3) the equation of motion for bˆµ
∂ν
[
|kˆ| 12V 1|kˆ|
(
A−1
)µν
A
√
− detA
]
+ Jµ = 0 , (6.14)
where Jµ =
δ
δbˆµ
SWZ . After some manipulations we again find that they are obeyed by
the ansatz (6.1) on condition that bˆα obeys (6.4). In summary we have shown that the
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dynamics of the tachyon kink on the world-volume of an unstable M3-brane is governed by
the equations of motion that follow from the variation of the action (6.2). Since the form
of this action is not well known let us now study its properties.
7. Gauged M2-Brane Action
In this section we review the main properties of gauged M2-brane action (6.2). Firstly we
show that its dimensional reduction leads to D2-brane action. Further, we demonstrate
that the action (2.5) is equivalent to standard M2-brane action in flat background.
We start with the question of dimensional reduction of the action (2.5). We again
presume that D = 11 background has a U(1) isometry with Killing vector field kˆ that in
adapted coordinates xˆM = (xµ, z) for which kˆ = ∂∂z , kˆ
M = δMZ so that the background
takes the form as in (3.2) so that we obtain
aˆα = −C(1)m ∂αxˆm + ∂αz , |kˆ| = e
2
3
φ ,
Dˆαxˆ
m = ∂αxˆ
m , Dˆαz = C
(1)
m ∂αxˆ
m = C(1)α ,
(7.1)
and hence the matrix a defined in (6.2) takes the form
aαβ = e
−
2
3
φ[gmn∂αx
m∂βx
n + fαβ +Bmn∂αx
m∂βx
n] .
(7.2)
Inserting this result into the action (6.2) we obtain
S
M2g
DBI = −TM2
∫
d3ξe−φ
√
− det(gαβ + bαβ + fαβ) (7.3)
that is the correct form of DBI action for D2-brane. In the same way we can show that
the WZ term given in (6.2) takes the form
S
M2g
WZ = T3
∫
d3ξǫαβγ
(
1
3!
C
(3)
mnk∂αx
m∂βx
n∂γx
k−
− 1
2!
(∂αbβ − ∂βbα +Bmn∂αxm∂βxn)C(1)k ∂γxk+
+(−∂αωβγ + 1
2
∂αz(∂βbγ − ∂γbβ)
)
(7.4)
This can be considered as the Wess-Zumino term for D2-brane when we introduce non-
propagating world-volume two-form c(2) as
c
(2)
αβ = −ωˆ(2)αβ +
z
2
[∂αbβ − ∂βbα] . (7.5)
Finally we show that the action (2.5) is equivalent to standard M2-brane action in the
flat eleven dimensional space-time with gˆMN = ηMN , CˆMNK = 0. Using SO(10) rotation
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symmetry of spatial part of target space-time we can take kˆM = δM10 so that Aˆα = ∂αXˆ
10
so that
DˆαXˆ
m = ∂αXˆ
m ,m = 0, . . . , 9 , DˆαXˆ
10 = 0 . (7.6)
Then DBI part of M2-brane action takes the form
S
M2g
DBI = −TM2
∫
d3ξ
√
− det(∂αxˆm∂βxˆnηmn + fαβ) =
= −TM2
∫
d3ξ
√
− det(∂αxˆm∂βxˆnηmn + 1
T 2M2
BαBβ) +
1
2
∫
d3ξǫαβγBαfβγ .
(7.7)
Then if we integrate out bα from the equation above we obtain
∂αǫ
αβBβ = 0 (7.8)
that can be solved as Bα = TM2∂αxˆ
10. Inserting this result to the action above and
performing integration by parts we finally get
S = −TM2
∫
d3ξ
√
− det ∂αxˆM∂β xˆN (7.9)
that is standard M2-brane action in flat background.
8. Conclusion
Now we summarize our results. The initial goal was to find the action for unstable M3-brane
that is related by direct dimensional reduction to an unstable D3-brane action and the sin-
gular tachyon kink on its world-volume leads to stable M2-brane action. We argued that it
is not possible to obey these two conditions simultaneously. Then we suggested alternative
form of M3-brane effective action that however exists on condition that the supergravity
background has Killing isometry that is gauged on the world-volume of M3-brane. We
also shown that the tachyon kink solution on its world-volume leads to M2-brane action
that is equivalent to the standard M2-brane action. This fact suggests that the proposed
M3-brane action could be starting point for its non-abelian generalization. It would be also
really interesting to perform the same procedure as in paper [60] in this M3-brane action
and try to find the relation with recent works [58, 59].
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